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ZHOGLQJ DV WKH PDWHULDO PHOWV KDYH D SURIRXQG LPSDFW RQ WKH VWUXFWXUDO SHUIRUPDQFHV 7KH IHUULWH±DXVWHQLWH
WUDQVIRUPDWLRQGXULQJZHOGLQJOHDGLQJWRWKHILQDOSKDVHEDODQFHLVGHSHQGHQWRQWKHPDWHULDOFRPSRVLWLRQDQGWKH
FRROLQJUDWH*UDGHVROLGLILHVSULPDULO\ LQ WKHIXOO\IHUULWLFSKDVHDQG WKLV LV IROORZHGE\ WKH WLPHGHSHQGHQW
IRUPDWLRQRI WKHDXVWHQLWHSKDVH WKURXJKVROLGVWDWH WUDQVIRUPDWLRQ*XQQ :HOGV UHVXOWLQJ LQD ORZIHUULWH
FRQWHQWFDQUHGXFHWKHUHVLVWDQFHWR6&&ZKHUHDVDKLJKIHUULWHFRQWHQW!FDQUHGXFHWKHWRXJKQHVV





DQG KLJK HQHUJ\ VWDELOLW\4XLQWLQR HW DO  SURGXFLQJZHOGVZLWK VLJQLILFDQWO\ ORZHU KHDW LQSXW WKDQ RWKHU
ZHOGLQJSURFHVV VXFKDV7XQJVWHQ ,QHUW*DV 7,*ZHOGLQJ2WKHUEHQHILWV LQFOXGH ORZHUGLVWRUWLRQ UHGXFHGKHDW
DIIHFWHG]RQH+$=DQGIHZHUZHOGGHIHFWV7KHUHIRUHFRQVLVWHQWZHOGSURILOHVZLWKGHHSURRWSHQHWUDWLRQFDQEH
DFKLHYHGUHVXOWLQJLQQHJOLJLEOHZHOGSRURVLW\9ROOHUWVHQDQG7KRP\,QDGGLWLRQWKHORZKHDWLQSXWGXULQJ
ODVHU ZHOGLQJ SURYLGHV D IXUWKHU DGYDQWDJH IRU JUDGH  LQ WKDW GHWULPHQWDO SUHFLSLWDWLRQ FDQ EH DYRLGHG
$PPDQ7KH FRPPRQ LQGXVWULDO DSSURDFK WR ODVHUZHOGJUDGHXVHV DQ H[SHQVLYH ILOOHUPDWHULDO RYHU
DOOR\HGZLWKQLFNHOLH(57KHUHDVRQIRUXVLQJDILOOHUPDWHULDOGXULQJODVHUZHOGLQJLVWRSUHYHQWXQGHUFXW
LPSURYH JDS EULGJLQJ DQG WRPDLQWDLQ WKH SKDVH EDODQFH RI WKHPDWHULDO +RZHYHU LW DGGV FRVWV WR WKH SURFHVV
LQFUHDVHVLWVFRPSOH[LW\DQGUHGXFHVLWVIOH[LELOLW\
7KLVSDSHU LQYHVWLJDWHV WKHIHDVLELOLW\RI ODVHUZHOGLQJRIJUDGHZLWKRXWXVLQJDILOOHUPDWHULDO$GHWDLOHG














2.2. Material and equipment 
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RXWSXW RI  N: 7KH EHDPZDV GHOLYHUHG WR WKH ZHOGLQJ KHDG WKURXJK D ILEUH RSWLF FDEOH ZLWK D  P FRUH
GLDPHWHU7KHODVHUZHOGLQJKHDGFRQVLVWHGRIDFROOLPDWLQJDQGDIRFXVLQJXQLWZKLFKKDGOHQVHVRIPP
DQGPPIRFDOOHQJWK)/UHVSHFWLYHO\7KLVRSWLFDOVHWXSOHGWRDWKHRUHWLFDOVSRWVL]HRIP/DVHUSRZHU
DW WKH VDPSOH IDFH ZDV PHDVXUHG XVLQJ DQ 2SKLU SRZHU PHWHU PRGHO .:%% 7KH EHDP LQWHQVLW\
GLVWULEXWLRQZDVPHDVXUHGZLWKD3URPHWHFEHDPSURILOHU PRGHO8)DQG WKHFDXVWLFRI WKH ODVHUEHDPZDV
FKDUDFWHUL]HG
7KH WHPSHUDWXUH FKDQJHV LQ WKH VDPSOHGXULQJZHOGLQJZHUHPHDVXUHGXVLQJ D/XPDVHQVH LQIUDUHGS\URPHWHU
PRGHO,03$&,3(7KHWHPSHUDWXUHUHDGLQJVZHUHWDNHQDWDIL[HGORFDWLRQLHPPIURPWKHVWDUWRIWKH
PPORQJZHOGDWDGLVWDQFHRIPPDZD\IURPWKHKHDWVRXUFH7KHVDPSOLQJLQWHUYDOZDVPVZKLFK
ZDV WKH VKRUWHVW DYDLODEOH 'XH WR KDUGZDUH OLPLWDWLRQV WKH PD[LPXP WHPSHUDWXUH UHFRUGHG ZDV  Û& 7KH
HPLVVLYLW\VHWWLQJZDVVHWDWIRUDOOWHVWV
2.3. Set up 
7KHWHVWDUUDQJHPHQWFRQVLVWHGRIDODVHUSURFHVVLQJKHDGZKLFKZDVPRXQWHGRQDD[LVJDQWU\7KHIRFXVLQJ
OHQVZDVSURWHFWHGIURPSRWHQWLDOGDPDJHFDXVHGE\IXPHVDQGVSDWWHUVXVLQJDQDLUNQLIHDQGDVHPLFRQVXPDEOH




















,Q D VPDOO QXPEHU RI WULDOV DUJRQ VKLHOGLQJ JDV ZDV XVHG IRU FRPSDULVRQ $OO %23 WULDOV ZHUH SHUIRUPHG
DXWRJHQRXVO\ LQ WKH IODW 3$ SRVLWLRQ DV FRYHUHG E\ ,62 ,PPHGLDWHO\ SULRU WR ODVHU ZHOGLQJ WKH
PDWHULDOVXUIDFHVZHUHFOHDQHGXVLQJ6FRWFK%ULWHDQGWKHQZLSHGXVLQJDFHWRQH
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,QLWLDO%23WULDOVZHUHFDUULHGRXWXVLQJDZHOGLQJVSHHGIURPWRPPLQODVHUSRZHUIURPWRN:DW
IRFXVSRVLWLRQ WR DFKLHYHG IXOO SHQHWUDWLRQ7KLVZDV IROORZHGE\ DGHVLJQHG VHWRI H[SHULPHQWV JHQHUDWHGXVLQJ
6WDW(DVH'HVLJQ([SHUW  VRIWZDUH WRPHDVXUH WKH LPSDFW RIZHOGLQJ VSHHG DQG IRFXV SRVLWLRQ RQ WKH UHVXOWLQJ




2.4. Metallurgical assessment 
7KHWHPSHUDWXUHRI WKHZHOGVXUIDFHZDVPHDVXUHGXVLQJWKHS\URPHWHUDQGYLVXDOO\VDWLVIDFWRU\VDPSOHVZHUH
VHOHFWHG IRU PHWDOORJUDSK\ H[DPLQDWLRQ DQG [UD\ UDGLRJUDSK\ LPDJLQJ WR GHWHFW DQ\ SRWHQWLDO LQWHUQDO GHIHFWV
6HOHFWHGVDPSOHVZHUHFURVVVHFWLRQHGSROLVKHGDQGWKHQHWFKHGZLWKD.2+SRWDVVLXPK\GUR[LGHVROXWLRQ





3.1. Beam characterization 
7KH ODVHUSRZHUGHOLYHUHG WR WKHZRUNSLHFHZDVPHDVXUHGSULRU WRZHOGLQJ WULDOV WRFDOLEUDWH WKH V\VWHP7KH










,Q)LJDDERYHU] LV WKHEHDPUDGLXV WDNLQJLQDFFRXQW WKHHGHILQLWLRQLH WKHSRUWLRQRIWKHODVHU
EHDPWKDWFRQWDLQVRIWKHWRWDOEHDPHQHUJ\8VLQJWKLVGHILQLWLRQJLYHVDEHDPGLDPHWHUDWIRFXVSRVLWLRQLH
Ȧ RI  P YHU\ FORVH IURP WKH WKHRUHWLFDO YDOXH RI  P 7KHPHDVXUHG EHDP SURGXFW SDUDPHWHU
%33ZDV IRXQG WR EH PPPUDGZKLFK LV FRPSDWLEOH WR WKH W\SLFDO PPPUDG JLYHQ E\ WKH ODVHU
PDQXIDFWXUHU
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EHOLHYHG WR FRPSHQVDWH IRU WKH ORVVHV RI QLWURJHQ LQ WKH PHOW SRRO FDXVHG E\ WKH ZHOGLQJ SURFHVV HJ SOXPH
VSDWWHU)RUWKLVUHDVRQQLWURJHQZDVXVHGLQVXEVHTXHQWZRUN







3.4. Weld profile 
1RZHOGLQJGHIHFWVRUSRURVLW\ZHUHREVHUYHGIROORZLQJWKHUDGLRJUDSKDQGFURVVVHFWLRQPLFURJUDSKVDWî
PDJQLILFDWLRQ'LPHQVLRQPHDVXUHPHQWVIURP%23WHVWVDUHVXPPDUL]HGLQ7DEOHZLWK)LJVKRZLQJZKHUHWKH\
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7KHPD[LPXP H[FHVV RIPHWDO ZDV IRXQG WR EH PP RQ WKH ZHOG FDS DQG PP LQ WKHZHOG URRW 7KH
VWDQGDUG%6(1,62DOORZVXSWRPPRIZHOGH[FHVVIRU/HYHO%VWULQJHQWTXDOLW\)LJVKRZVD


















EHWZHHQ IRFXVDQG IRFXVDWFRQVWDQW VSHHG<HW WKH UHODWLYHO\ ORZ OHYHORI ODVHUEHDPGLYHUJHQFHFRPSDUHG
ZLWKWKHPDWHULDOWKLFNQHVVOLPLWHGWKHHIIHFWRIWKHIRFXVSRVLWLRQLQWKHWRPPUDQJHRQWKHZDLVWDQGURRW
ZLGWK
3.5. Temperature measurement 
,QWKHVHWHVWVWKHQDUURZKLJKSRZHUODVHUEHDPFRPELQHGZLWKDZHOGLQJVSHHGRIWRPPLQOHGWRYHU\
ORZKHDWLQSXWLHLQWKHUDQJHRIWRN-PPFRPSDUHGWRW\SLFDOYDOXHVRIEHWZHHQDQGN-PPIRU







3DUHQWPDWHULDO :HOG 3DUHQWPDWHULDO :HOG




ZKLFKZDVXQDEOH WRFRPSHQVDWH IRUG\QDPLFFKDQJHV LQHPLVVLYLW\EHWZHHQ WKH OLTXLGXVDQGVROLGXVSKDVH7KH
S\URPHWHUZDVQHYHUWKHOHVVDXVHIXOWRROIRUFRPSDULQJTXDOLWDWLYHO\WKHHIIHFWRINH\SDUDPHWHUVFRQVLGHUHGLQWKLV
VWXG\ ,Q DOO PHOWUXQV IDVW FRROLQJ UDWHV H[FHHGLQJ  Σ&V ZHUH PHDVXUHG DQG FRROLQJ UDWHV DSSURDFKLQJ
Σ&VZHUHREVHUYHGZKHQZHOGLQJDWPPLQVSHHG'HFUHDVLQJWKHZHOGVSHHGIURPPPLQWRPPLQ


















)LJ  VKRZV WKH WLPHWHPSHUDWXUHWUDQVIRUPDWLRQ GLDJUDP RI JUDGH  VKRZLQJ WKH W\SLFDO WHPSHUDWXUH
SURILOH PHDVXUHG GXULQJ ODVHU ZHOGLQJ SHUIRUPHG LQ WKLV VWXG\ 7KH IDVW FRROLQJ SUHYHQWV WKH GHWULPHQWDO
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,QRUGHUWRDVVHVVWKHHIIHFWRIWKHWZRSURFHVVSDUDPHWHUVLHZHOGLQJVSHHGDQGIRFXVSRVLWLRQRQWKHUHVXOWLQJ
SKDVHEDODQFHWKH'HVLJQ([SHUWVRIWZDUHZDVXVHGWRJHQHUDWHDGHVLJQHGVHWRIH[SHULPHQWV7DEOHSUHVHQWVWKH
WHVW UHVXOWV LQFOXGLQJ WKHSHUFHQWDJHRI IHUULWH DW WKUHH ORFDWLRQV ZHOG FDSZDLVW DQGZHOG URRW )RU HDFKZHOG
PDQXDOSRLQWFRXQWVRIWKHIHUULWHFRQWHQWDWWKHVHWKUHHORFDWLRQVZHUHHQWHUHGLQWRWKH'HVLJQ([SHUWVRIWZDUHDV
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7KLV SDSHU GHVFULEHG D VHULHV RI ODVHU EHDPZHOGLQJ WHVWV RQ'66JUDGH ZLWK D WKLFNQHVV RI PP7KH
SURFHVVSDUDPHWHUVVWXGLHGZHUHSRZHUZHOGVSHHGFKRLFHRIVKLHOGLQJJDVDQGIRFXVSRVLWLRQ7KHVHZHUHYDULHG
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